Background: A series of 6-(substituted aldehyde)-3,4-dihydro-1-(tetrahydro-3,4-dihydroxy-5-(hydroxymethyl) furan-2-yl)-4-phenylpyrimidine-2(1H)-one derivative (6A-6P) was synthesized from the 6-(substituted aldehyde)-4-phenylpyrimidine-2(1H)-one derivative (5A-5P) through following reaction mechanisms Claisen-Schmidt, Cyclization, and Satos fusion. The structures of the synthesized compounds were elucidated by I.R., 1 H-NMR, elemental analysis, and mass spectroscopic techniques.
Background
Pyrimidine is a six-member heterocyclic compound that contains two nitrogen atoms at positions 1 and 3. Pyrimidines, being an integral part of DNA and RNA impart to diverse pharmacological properties as effective bactericide and fungicides [1] , nitrogen containing heterocyclic ring such as pyrimidine is a promising structural moiety for drug designing. Pyrimidine derivatives form a component in a number of useful drugs and are associated with many biological and therapeutically activities [2] . Condensed furanose pyrimidine derivatives have been reported as antioxidant [3] , antimicrobial [4] , analgesic [5] , antiviral [6] , anti-inflammatory [7] , anti-HIV [8] , antitubercular [9] , antitumor [10] , antineoplastic [11] , and antimalarial [12] . The condensed furanose pyrimidine derivative has the power to accept free radical during different abovementioned diseases due to the presence of NH and OH molecule in ring.
Free radicals are well known for playing a dual role in our body, deleterious as well as beneficial. It includes metabolic pathway for its generation [13] . It mainly explores the formation and the scavenging of free radicals, as well as the damage caused by free radicals in biological system. Oxidative stress in our body occurs due to excessive generation of free radical and reduced level of antioxidant, but at low concentration, these radicals performs normal physiological functions of body. Scientific evidence suggests that antioxidants reduce the risk for chronic diseases including cancer and heart disease [14] .
About 13% deaths of human beings throughout the world are caused by cancer, which is characterized by uncontrolled cell growth, metastasis, and invasion [13] . Although the risk of cancer increases with age, people of all ages, even fetuses, can be affected by the disease. The most occurring fatal cancers are lung, stomach, liver, colon, and breast cancer. Therefore, continuous search for new anticancer agents should be an active work in the research field at various laboratories. Among potential anticancer agents, heterocyclic compounds represent an outstanding type of anticancer drug moiety ( Figure 1 ).
Free radical may be defined as the atoms, molecules, or ions with unpaired electrons in an open shell configuration. Sometime, free radicals may contain positive, negative, or zero charge [15] . Free radicals play an important role in combustion, atmospheric chemistry, polymerization, plasma chemistry, and many other chemical processes [16] . The large generation of free radicals particularly reactive oxygen species and their high activity plays an important role in the progression of great number of pathological disturbances such as inflammation [17] , atherosclerosis [18] , cancer [19] , parkinsonism [20] , and Alzheimer's disease [21] . Inflammation is mostly caused through excessive generation of free radical in the body (Figure 2 ).
Methods

Chemistry
All the reagents and solvents used were laboratory grade and obtained from the supplier (Sigma-Aldrich, St. Louis, MO, USA; CDH, Beijing, China; and Rankem, Faridabad, India) or recrystallized/redistilled as necessary. The purity of compounds synthesized, commercial reagents used, and monitor of reaction was done by thin layer chromatography (TLC) plates (silica gel G). Two solvent systems: toluene/ethyl acetate/formic acid (5:4:1) and ethyl acetate/ n-hexane (3:7) were used to run TLC. The spots were located under iodine vapors and UV light. The melting points of the products were determined by open capillaries method and are uncorrected. Infrared (IR) spectra (KBr) were recorded on FTIR spectrophotometer (Shimadzu FTIR 8400 S, 4,000 to 400 cm −1 , Kyoto, Japan). The elemental analysis was carried out using Heraus CHN rapid analyzer (Hanau, Germany) [1] .H-NMR spectra were recorded on a JEOL AL300 FTNMR 300 MHz spectrometer (Akishima-shi, Japan) in dimethyl sulfoxide (DMSO) using TMS as an internal standard, with [1] H resonance frequency of 300 MHz chemical shift values are expressed in δ ppm. The activity was performed on instrument UV-visible spectrophotometer UV-1800 Pharmaspec Shimadzu.
Screening of compounds Antifungal activity
All the synthesized compound were screened in vitro for their antifungal activity Candida inconspicua (Microbial Type culture collection (MTCC)-1074, American Type Culture Collection (ATCC)-16783), Candida viswanathii (MTCC-1629, ATCC-22981), Candida albicans (MTCC-227, ATCC-10231), Candida tropicalis (MTCC-230, ATCC-20336), Candida glabrata (MTCC-3019, ATCC-90030) against standard drug fluconazole [19] . The incubation time was 48 h at 37°C for fungal strain. All the screened compounds were found to possess moderate to good antifungal activity. The cup plate test was performed using agar medium and dextrose agar medium, and the medium was autoclaved at 15 lbs pressure (121°C) for 15 min then immediately cooled to 50°C to 55°C in a water bath after removing it from autoclave. The cooled medium was poured into sterile petri plates to a uniform depth of 4 mm or 25 ml in a 90-mm plate. Once the medium had solidified, then the culture was inoculated on the medium by a sterile swab that was dipped into the fungus suspension or inoculated with 1 ml of the organism suspension. Sterillized 9-mm cork borer was used to make agar wells, than placed 25, 50, 100 and 200 μg/ml diluted test compound as well as standard compound were placed into each wells and DMSO as a control. The plate were inoculate for 48 h at 37°C for fungal strain and measure zone of inhibition in mm and the percentage (%) of inhibition was calculated by using the formula [17] (Tables 1, 2 Various concentrations of test compound 10 to 200 μg/ml were prepared in the methanol and 1 ml of each concentration was added to 1 ml of 0.1 mM solution of DPPH [3] . The mixture was shaken vigorously and allowed to stand for 30 min in dark place; absorbance at 517 nm was determined by UV spectrometer, and the percentage scavenging activity was calculated. A blank solution of DPPH was prepared, and ascorbic acid was used as reference compound. All the compounds were tested and analyzed by their absorbance. The equation used to measure free radical scavenging is as follows (Equation 1, Figure 8 , Scheme 1): A lower value of mean inhibitory concentration shows a higher free radical scavenging activity.
AAU equation
The free radical scavenging fitting curve equation (y = BX + D) when combined with theoretical value of DPPH concentration and absorbance (y = KX) to assume the index antioxidant activity unit (AAU), it is defined as 'one mole of DPPH free radical was completely scavenged to consume amount (mole number) of the scavenger'. The lower the value of AAU, the stronger the antioxidant ability of compound (Table 6 ) ( Figure 9 ).
where R = solution volume ratio of sample to solution volume of DPPH for each sample, B = slope of fitting equation of free radical scavenging ratio, C = initial concentration of DPPH solution observed, and Mr = molecular weight of sample.
Anticancer screening
Pharmacological evaluation of the anticancer activity was performed on the compounds inconvertibly selected by the National Institute of Health, Bethesda, USA, under the drug discovery program of National Cancer Institute (NCI) [13] . All the finally synthesized 20 compounds have been registered on its website, and from those, only 13 compounds have been selected. All the selected compounds have been given a unique NCI number [19] .
Methodology of the in vitro cancer screening
The human tumor cell lines of the cancer screening panel are grown in RPMI 1640 medium containing 5% fetal bovine serum and 2 μL glutamine. The cells are % Scavenging ¼ Absorbance of control−Absorbance of test compounds=Std: Absorbance of control Â 100 Figure 2 Effect of free radical in the body parts.
inoculated into 96-well microtiter plates in 100 μL at plating densities ranging from 5,000 to 40,000 cells/well depending on the doubling time of individual cell lines. After cell inoculation, the microtiter plates are incubated at 37°C in the presence of 5% CO 2 , 95% air, and 100% relative humidity for 24 h prior to addition of experimental drugs. After 24 h, two plates of each cell line are fixed in situ with TCA to represent a measurement of the cell population for each cell line at the time of drug addition (Tz). Experimental drugs are solubilized in dimethyl sulfoxide at desired final maximum test concentration and stored frozen prior to use. At the time of drug addition, an aliquot of frozen concentrate is thawed and diluted to twice the desired final maximum test concentration with complete medium containing 50 μg/ml gentamicin. Additional 4-, 10-fold, or ½ log serial dilutions are made to provide a total of five drug concentrations plus control. Aliquots of 100 μl of these different drug dilutions are added to the appropriate microtiter wells already containing 100 μl of medium, resulting in the required final drug concentrations. After the following drug addition, the plates are incubated for an additional 48 h at 37°C, 5% CO 2 , 95% air, and 100% relative humidity. For adherent cells, the assay is terminated by the addition of cold TCA. Cells are fixed in situ by the gentle addition of 50 μl of cold 50% (w/v) TCA (final concentration, 10% TCA) and incubated for 60 min at 4°C. The supernatant is discarded, and the plates are washed five times with tap water and air dried. Sulforhodamine B (SRB) solution (100 μl) at 0.4% (w/v) in 1% acetic acid is added to each well, and plates are incubated for 10 min at room temperature. After staining, unbound dye is removed by washing five times with 1% acetic acid and the plates are air dried. Bound stain is subsequently solubilized with 10 mM trizma base, and the absorbance is read on an automated plate reader at a wavelength of 515 nm. For suspension cells, the methodology is the same except that the assay is terminated by fixing settled cells at the bottom of the wells by gently adding 50 μl of 80% TCA (final concentration, 16% TCA). Using the seven absorbance measurements (time zero, (Tz), control growth, (C), and test growth in the presence of drug at the five concentration levels (Ti)), the percentage growth is calculated at each of the drug concentrations levels. Percentage growth inhibition is calculated as:
Â100 for concentrations for which Ti < Tz:
Three dose response parameters are calculated for each experimental agent. Growth inhibition of 50% (GI50) is calculated from [(Ti − Tz)/(C − Tz)] × 100 = 50, which is the drug concentration resulting in a 50% reduction in the net protein increase (as measured by SRB staining) in control cells during the drug incubation. The drug concentration resulting in total growth inhibition (TGI) is calculated from Ti = Tz. The LC50 (concentration of drug resulting in a 50% reduction in the measured protein at the end of the drug treatment as compared to that at the beginning) indicating a net loss of cells following treatment is calculated from [(Ti − Tz)/Tz] × 100 = −50. Values are calculated for each of these three parameters if the level of activity is reached; however, if the effect is not reached or is exceeded, the value for that parameter is expressed as greater or less than the maximum or minimum concentration tested. The compounds which reduce the growth of any one of the cell lines by 32% or less are passed on for further evaluation in the full panel of 60 cell lines (Table 7 ) ( Figures 10, 11, 12 and 13) .
General procedures for the synthesis of compounds Synthesis of compounds (3A-3P) Equimolar portions of the appropriately substituted aromatic aldehyde (10 mmol) and acetophenone (10 mmol) were dissolved in approximately in 15 ml of ethanol. The mixture was allowed to stir for several minutes at 5°C to 10°C. Then, 10 ml of 40% aq. NaOH solution was added dropwise to the reaction mixture in the conical flask. The reaction mixture then allowed stirring at room temperature for 4 h on stirrer and precipitate is allowed to stand overnight in refrigerator. Precipitate is formed which is collected by filtration and repeatedly washed with distilled water and finally recrystallized in ethanol. The solvent system was used for the TLC ethyl acetate/n-hexane (3:7) (Scheme 2).
Synthesis of Synthesis of 4-(4-chlorophenyl)-3,4-dihydro-6-phenylpyrimidin-2(1H)-one (5F): It was obtained by reaction of , 319.19; m. p., 143°C to 145°C.; Rf. value (toluene/ ethyl acetate/formic acid, 5:4:1), 0.88; I.R. value, 3, 2, 1, 635.59(C = O), 1, . R. value, 3,417.63(N-H), 2,916.17(C-H str.), 1,677.95(C = O), 1,596.95(N-H bend.), 831.26(C-H bend.) .
Synthesis of 3,4-dihydro-4-(4-nitrophenyl)-6-phenylpyrimidin-2(1H)-one (5N): It was obtained by reaction 
Synthesis of compounds (6A-6P): general procedure
To a solution of 5A-5P (0.01 mol) in ethanol, β-Dribofuranose-1,2,3,5-tetra-o-acetate (0.01 mol) was added in the presence of TsOH and the content were refluxed under vacuum with stirring at 155°C to 160°C for 15 to 30 min. The vacuum was removed, and the reaction mixture was protected from moisture by fitting a guard tube. Stirring was further continued for 10 h and vacuum was applied for 10 min. at every hour. The viscous mass thus obtained was dissolved in sodium-containing methanol and boiled for 10 min then left for stirring overnight at room temperature. The reaction mixture was filtered, and the filtrate was evaporated to dryness. The viscous residue, thus obtained was dissolved in ether, filtered, concentrated, and kept in refrigerator overnight to get crystalline product.
Synthesis of 
